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There is now growing evidence that the reactive oxygen species have an influence on
proliferation and antioxidative status of various cell types. The aim of the study was
to investigate the effects of different concentrations of leptin, ghrelin, angiotensin II
and orexins on proliferation, culture medium malondialdehyde (MDA) levels and
antioxidative enzymes activities: superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px) and catalase (CAT) in 3T3 L1 preadipocytes cell culture. Cell
proliferation was measured using [3H]tymidine incorporation. In 3T3-L1 cells leptin
caused a significant reduction in proliferation (by 36%) compared to control. Ghrelin
increased preadipocyte proliferation, and the effect was stronger in higher dose (by
39%), while proproliferatory effect of angiotensin II was stronger in lower doses (by
47%). All used doses of orexin A significantly increased 3T3 L1 cell proliferation
(from 21% to 160%), while orexin B caused a marked reduction (from 35% to 70%)
of this proliferation. The effects of both orexins were dose-dependent. Leptin and
ghrelin increased activity of SOD, CAT, GSH-Px and decreased level of MDA.
Angiotensin II treatment stimulated only SOD and CAT activities. Influence of
orexins was different on various enzymes. Orexin A increased MDA levels, while
orexin B caused a marked decrease in MDA levels. Our results strongly suggest the
effects of appetite affecting hormones such as leptin and ghrelin on proliferation and
antioxidative enzyme activities of preadipocyte cell lines. Orexin A was found to be
the most efficient proliferative-signalling hormone, while orexin B revealed the most
significant inhibitory effect on preadipocytes proliferation.
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INTRODUCTION

The regulation of body weight concerns the control of adipose tissue. Many
studies have shown that adipose tissue is not only the passive energy store, but
also an active endocrine organ, producing biologically active substances like
adipocytokines, leptin, adiponectin, resistin and angiotensin (1).

Leptin (Ob protein), a protein product of the ob gene is produced and secreted
mainly by adipose tissue cells and gastrointestinal tract. The presence of leptin
and expression of its receptors (Ob-R) was detected in the central nervous system
(CNS) and peripheral tissues. Leptin promotes body weight loss by acting on the
brain to decrease food intake and to increase sympathetic nervous system activity
(2). Moreover, leptin has been proposed to participate in acute phase response to
inflammation. Endogenous and exogenous leptin exerts a potent gastroprotective
activity by increasing gastric blood flow, local generation of nitric oxide and
stimulation of transforming growth factor (TGF-α) production (3). The
antioxidative enzymes (catalase and glutathione peroxidase) activities were found
to be lower in the ob/ob mice and leptin treatment normalized these alterations
(4). Furthermore, leptin reduced levels of malondialdehyde (MDA) in renal
ischemia-reperfusion (I/R) damages in rats (5). Harmelen et al. demonstrated that
during the preadipocyte differentiation leptin secretion was significantly
increased (6).

Ghrelin, a 28-amino acid peptide, is an endogenous ligand for the growth
hormone secretagogue (GHS) receptor. Two major molecular forms of ghrelin
can be found in the stomach and plasma: acylated and desacylated ghrelin (7).
There is widespread tissue expression of the ghrelingene. The highest level of
ghrelin was found in the fundus of the stomach, but in lower levels it was also
found in the small intestine, pancreatic islet cells, gallbladder, liver, spleen and
even in the immune cells (8). The most important functions of ghrelin are appetite
stimulation (by activation of neuropeptide Y and agouti-related protein release),
positive energy balance, gastric motility and gastric acid secretion control,
modulation of pancreatic exocrine and endocrine functions, modulation of the
proliferation of neoplastic cells, as well as the immune system control (9).
Ghrelin exhibits a strong gastroprotective role, at least in part due to its anti-
inflammatory actions (10).

Orexin A and orexin B (also named hypocretins) are new hypothalamic
peptides that stimulate food intake. Orexins act via two subtypes of G-protein
coupled receptors OX1-R and OX2-R (11). In addition to the hypothalamus,
orexins have been also found in the mucosa and neural plexuses of
gastrointestinal tract (12) and pancreatic α- and β-cells (13). In 2006, Digby and
collages demonstrated for the first time the presence of orexin receptors in human
adipose tissue cells, suggesting a role of orexins in adipose tissue metabolism and
adipogenesis (14). The gut may be controlled by orexins released from local
neurons as well as secreted as hormones from endocrine cells. Ehrstrom et al.
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suggested that there might exist a gut-adipocyte interaction in which high plasma
orexin A concentration may stimulate food intake by decreasing plasma leptin
level and thus interacting with leptin sensitive central mechanisms (15).

Both angiotensin II receptors (AT1 and AT2) expression can be found in 3T3-
L1 preadipocytes. In human adipose tissue, both visceral and subcutaneous, a
complete functional renin�angiotensin system is present (renin, angiotensin II,
AT1 and AT2 receptors and angiotensin converting enzyme-ACE) (16 - 18). The
activation of angiotensin II results in stimulation of prostacyclin production and
release, which acts as a signal in the differentiation of preadipocytes to
adipocytes (2).

It is known that a moderate increase of reactive oxygen species (ROS) can
stimulate cell growth and proliferation. Potential harmful effects of ROS are
eliminated by stimulation of antioxidative enzymes (19). The aim of the study
was to investigate the effect of high and low concentrations of leptin, ghrelin,
angiotensin II and orexins on proliferation of 3T3 L1 preadipocytes. Furthermore
MDA level and antioxidative enzyme activities: superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), catalase (CAT) in the cell culture medium were
measured.

MATERIAL AND METHODS

Cell culture

3T3-L1 cells are preadipocytes obtained by Green and Kehinde from murine 3T3 fibroblasts by
cloning clusters of cells filled with fat droplets. 3T3-L1 cells were purchased from ATCC
(American Type Culture Collection, Rockville, MD, USA). Preadipocytes were plateaued at a
density of 5 x 105 per 10 cm2 dishes and cultured in Dulbecco�s modified Eagle�s medium (DMEM)
supplemented with 10% fetal bovine serum, 100 U/ml penicillin and 0.1 mg/ml streptomycin under
an atmosphere of 95% air and 5% CO2 at 37°C.

Experimental protocol

Cell cultures with or without leptin (10-11M, 10-9M and 10-6M), ghrelin (10-11M and 10-8M),
angiotensin II (2.5x10-9M, 5x10-6M and 10-4M), orexin A (5x10-11M, 10-10M and 10-9M) and orexin
B (5x10-11M, 10-10M and 10-9M) were incubated for 24 h. The investigated substances were applied
separately. Incubation media were not changed during this time. After incubation period, media
were removed, centrifuged and freezed until laboratory measurements. Cells were then trypsinized
and used for proliferation assay. The effect on cell proliferation was measured using [3H]thymidine
incorporation method. Cells were exposed to 0.5 µCi [3H]thymidine per well for 2 h (20).

Enzymatic assays

SOD (EC 1.15.1.1) activities were estimated according to Oyanagui and expressed in nitrite
units/ml (NU/mL) (21). GSH-Px (EC 1.11.1.19), activities were measured according to Paglia and
Valentine using enzymatic conjunction with glutathione reductase (µmol NADPH2/mL medium)
(22). CAT (EC 1.11.1.6), activities were measured according to kinetic method of Aebi and
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expressed in IU/ml of medium (23). MDA concentrations were determined according to the
colorimetric method by Ohkawa et al. using reaction with thiobarbituric acid (24).

Drugs

The following agents were used: trypsin, Penicillin-Streptomycin Mixture, Dulbecco�s
Modified Eagle�s Medium and Fetal Bovine Serum (BioWhittaker, Verviers, Belgium), leptin,
orexin A and orexin B, ghrelin, angiotensin II (Sigma-Aldrich, St. Louis, Missouri, USA) and
[3H]thymidyne (Amersham Biosciences, Buckinghamshire England).

Statistics

All results were calculated to a mean ± SEM and presented as percent of control. Student�s t-test
was used for comparing results. Differences with a p<0,05 were regarded as significant.

RESULTS

Cell proliferation

As shown in Fig. 1, leptin in all used concentrations (10-11M, 10-9M, 10-6M)
caused a marked decrease in cell proliferation after 24 h incubation time (for
about 18%, 22% and 36%, respectively, p<0.05). Treatment with ghrelin (10-11M
and 10-8M) or angiotensin II (2.5x10-9M and 5x10-6M) resulted in a significant
increase in cell proliferation for about 18% and 39% or 47% and 30%,
respectively. Furthermore orexin A (5x10-11M, 10-10M and 10-9M), caused a
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Fig. 1. Influence of leptin (10-11M, 10-9M, 10-6M), ghrelin (10-11M, 10-6M), angiotensin II (2.5x10-

9M, 5x10-6M), orexin A (5x10-11M, 10-10M, 10-9M) or orexin B (5x10-11M, 10-10M, 10-9M) treatment
on 3T3-L1 cell proliferation counted as [3H]thymidine uptake. Data was presented as percent of
control ± SEM.



significant increase in cell proliferation in dose-dependent manner (about 21%,
96% and 160%, respectively). Contrary incubation with orexin B (5x10-11M, 10-

10M and 10-9M) caused a marked dose-dependent decrease in cell proliferation
(about 35%, 63% and 70%).

Antioxidative enzymes activity

Leptin treatment resulted in an increase in SOD and GSH-Px activities
independently on the dose used, while CAT activity was increased in dose-
dependent manner (Fig. 2). Ghrelin caused a dose-dependent increase in SOD
activity, while CAT and GSH-Px activities were also increased but in reversed
manner to the dose used (Fig. 3). Incubation with angiotensin II resulted in an
increase in SOD and CAT activities (Fig. 4), but the influence on GSH-Px is
negligible (data not shown). Influence of orexin A on enzyme activities
revealed a dose-dependent decrease in CAT activity and a dose-dependent
increase in GSH-Px activity, while there was no statistical changes in SOD
activity (Fig. 5). Orexin B caused about 20% decrease in SOD activity,
increased about 20% CAT and 40% GSH-Px activities, similarly in all used
concentrations (Fig. 6).

MDA concentrations

Treatment with leptin resulted in about 5-10% decrease in MDA levels, in
dose-dependent manner (Fig. 2). Ghrelin caused about 20% decrease in both used
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Fig. 2. Influence of leptin (10-11M, 10-9M, 10-6M) on antioxidative enzymes activities: superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and malondialdehyde (MDA)
levels in 3T3-L1 cell medium. Data was presented as percent of control ± SEM.



concentrations (Fig. 3), while angiotensin II significantly decreased MDA levels
only in the higher dose (in concentration 10-4M for about 12%) (Fig. 4). Orexin
A increased, while orexin B decreased MDA levels, and those actions were the
most significant in the higher concentrations (Figs 5 and 6).
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Fig. 3. Influence of ghrelin (10-11M, 10-6M) on antioxidative enzymes activities: superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and malondialdehyde (MDA)
levels in 3T3-L1 cell medium. Data was presented as percent of control ± SEM.

Fig. 4. Influence of angiotensin II (2.5x10-9M, 5x10-6M) on antioxidative enzymes activities:
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and malondialdehyde
(MDA) levels in 3T3-L1 cell medium. Data was presented as percent of control ± SEM.



DISCUSSION

The present study demonstrates that leptin treatment causes a marked decrease
in preadipocyte proliferation. Similarly, in the work of Schulz et al., leptin (50
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Fig. 5. Influence of orexin A (5x10-11M, 10-10M, 10-9M) on antioxidative enzymes activities:
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and malondialdehyde
(MDA) levels in 3T3-L1 cell medium. Data was presented as percent of control ± SEM.

Fig. 6. Influence of orexin B (5x10-11M, 10-10M, 10-9M) on antioxidative enzymes activities:
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and malondialdehyde
(MDA) levels in 3T3-L1 cell medium. Data was presented as percent of control ± SEM.



ng/mL) decreased cell proliferation in mouse trophoblast cells (25). Harmelen et
al. demonstrated that during the differentiation of preadipocytes leptin secretion
significantly increased. Leptin secretion was about two- to eightfold higher in
subcutaneous than in omental cells (6). Our study demonstrates that ghrelin at
concentration of 10-11M and 10-8M stimulates proliferation of 3T3-L1 cells.
Similar data were presented by other authors. Kim et al. showed that ghrelin at
concentrations from 10-13M to 10-7M increased adipocyte cell number in 3T3-L1
culture cells, with the strongest effect observed in 10-11M concentration (26).
Zhang et al. have shown that in 3T3-L1 cells exogenous ghrelin treatment (in
concentration 1µM) stimulated preadipocyte proliferation (27). Stimulatory effect
of ghrelin in rat osteoblasts was observed at low concentrations (from 10-11M to
10-9 M) but not in higher concentrations (from 10-9 to 10-8 M) (28). Similarly,
dose-dependent effect of ghrelin, reaching maximal stimulation at concentration
of 1nM, in human osteoblasts was observed (29).

Our results suggest a stimulatory effect of angiotensin II in doses of 2.5x10-9M
and 5x10-6M, on preadipocytes supporting previously described data. In human
preadipocytes 1 µM of angiotensin II reduced the relative proportion of
preadipocytes in G1- and increased the number of cells in the S- and G2-M phases.
The 6 h treatment of preadipocytes with angiotensin II was associated with a
significant dose-dependent increase in the expression of cyclin D1 mRNA that is
necessary for proliferation (30). Angiotensin II in vitro stimulated proliferation of
rat vascular smooth muscle cells (VSMCs) (31, 32), arterial smooth muscle cells
(RASMC) (33) and aortic smooth muscle cells (SMC) (34). Angotensin II also
significantly increased intracellular superoxide anion (O2-) generation. Cell
proliferation of VSMCs was associated with the generation of ROS because
diphenylene iodonium (DPI), a nonspecific NADPH oxidase inhibitor, blocked the
mitogenic effect induced by the increase in ROS production (31).

Our study showed that orexin A applied at concentrations of 5x10-11M, 10-10M
and 10-9M increased 3T3-L1 cell proliferation in dose dependent manner and
orexin B treatment at concentrations of 5x10-11M, 10-10M and 10-9M resulted in a
decrease of cell proliferation. The results confirm earlier findings by Spinazzi et
al. that orexin B at concentration of 10-8M and 10-6M decreased proliferogenic
activity of cultured rat adrenocortical cells, and the effect was inhibited by OX2-
R immuno-blocade, suggesting an antiproliferogenic activity of OX2-Rs. Orexin
A enhanced proliferogenic activity, indicating that OX1-R activation mediates
this effect and this effect was inversely correlated with the peptide concentration.
The authors suggested that at concentration of 10-10M orexin A exclusively
activated OX1-R, while at concentration of 10-6M activated not only OX1-R but
also OX2-R (35). Dose dependent differences in orexin A effects between our
results and previous study may be related to a lower peptide concentrations used
in our experiment.

In the present study, leptin treatment caused a significant increase in SOD,
CAT and GSH-Px activities. Chronic leptin treatment resulted in stimulation of
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fatty acids oxidation, inhibition of glucose oxidation and lipogensis in porcine
adipocytes (36). The antioxidative enzymes: CAT and GSH-Px activities were
lower in the ob/ob mice and leptin treatment reversed these alterations. Moreover,
leptin had no effect on CAT and GSH-Px activity in lean mice, but caused a
significant increase in glutathione reductase activity in both lean and ob/ob mice
(4). Leptin increased ROS production in bovine aortic endothelial cells in a dose-
dependent manner and increased fatty acid oxidation (37).

Increased MDA and protein carbonyls (PCs) levels are markers of oxidative
stress. Leptin reduced levels of MDA and renal tissue PCs contents in renal
ischemia-reperfusion damages in rats (5). Similarly in our study leptin treatment
resulted in MDA decrease in all used doses. Pro-inflammatory cytokines, TNF-α
and IL-1β, decreased leptin secretion in human adipose tissue in vitro. In contrast,
IL-6 and IL-8 had no effects on leptin secretion and expression (38).

In our work ghrelin, similarly to leptin, caused a significant increase in SOD,
CAT and GSH-Px activities and reduced MDA levels. Iseri and colleagues have
shown that ghrelin treatment significantly increased GSH-Px activities and
reduced MDA levels in the alendronate-induced gastric tissue injury in rats. Also
ghrelin decreased formation of ROS (39).

Treatment of angiotensin II in our study resulted in an increase in SOD and
CAT activities. MDA levels were reduced only after incubation with the higher
used dose (10-4M). Angiotensin II enhanced both the activity and the expression
of the NAD(P)H oxidase and increased ROS generation, mainly mediated via
AT1 receptors in vitro (31, 40 - 42) and in vivo (43). Rueckschloss et al. showed
a dose-depend increase in NAD(P)H oxidase expression after angiotensin II
treatment in primary cultures of human endothelial cells (40). Seshiah et al. have
revealed that angiotensin II stimulated NADPH oxidase activity in VSMCs,
leading to superoxide (O2

-) and H2O2 generation (41). Subcutaneous infusions of
angiotensin II in rats decreased the mRNA expression for extracellular
superoxide dismutase by 55% and increased renal expression of NADPH oxidase
(44). In spontaneously hypertensive rats extracellular SOD activities were
significantly reduced and NAD(P)H oxidase complex significantly increased
after angiotensin II treatment (42). Ex vivo in skin fibroblasts from adolescents
with diabetic angiopathy, irbesartan, a selective antagonist of AT1 receptor,
increased the enzymatic activity and mRNA expression of antioxidative enzymes:
CuZnSOD, MnSOD, CAT, GSH-Px and reduced lipid peroxidation and MDA
levels (45).

Influence of orexins on antioxidant enzymes activities is still unknown.
Results from our study reveal different effects of orexins on antioxidative status
in 3T3-L1 preadipocytes. Interestingly, orexin A increased MDA levels and
stimulated cell proliferation. On the other hand, orexin B decreased MDA levels
and decreased cell proliferation. These findings are in keeping with previous data
that a moderate increase of ROS is able to stimulate cell cycle progression and
promote cell proliferation. However, it is unclear which ROS species is mainly
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responsible for stimulating cell proliferation. Activities of antioxidative enzymes
may play an important role in regulation of cell proliferation and adipose tissue
development through their abilities to regulate the level of cellular ROS level,
known to be involved in cell growth and proliferation.

In summary, orexin A was found to be the most efficient proliferative-
signalling hormone, on the other hand, orexin B showed the most significant
inhibitory effect on preadipocytes proliferation. We concluded that leptin, ghrelin,
angiotensin II and orexins participate in white adipose tissue metabolism by
influencing antioxidative status and proliferation of preadipocytes. 
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